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The increase in the prices and consumption of electricity has increased the energy bills of many 
public buildings, including public schools and boarding schools. Thus, improving energy 
efficiency and energy conservation by developing methods to promote renewable energy (RE) for 
electricity generation has become increasingly important. The issue of Greenhouse Gases (GHG) 
emissions is also an important consideration in this research.  
This dissertation describes electricity consumption in West Java and Indonesia. In particular, the 
trend in electricity consumption at the Baiturrahman Boarding School has been analysed by 
calculating detailed energy consumption for various appliances and works at the school. An energy 
audit was undertaken, with further specific investigation into water pumping, lighting and 
refrigeration. Consequently, recommendations include replacement of the existing water pump, 
reducing the operational time of the lighting system and regular maintenance of the refrigeration 
to improve the electricity consumption of the school in this case study. Replacing the existing 
pump with a smaller size pump and reducing the hours of operation to 12 hours resulted in 
7.4 MWh electricity or 8.65% of total estimated electricity consumption—a saving of $1,005.21 
with a payback period of 0.5 years.  
An analysis of electricity generation using RE resources was also conducted using RETScreen and 
HOMER software. The possibility of implementing wind, solar PV and micro hydro along with 
grid electricity was considered. This resulted in the recommendation to use 69% micro hydro and 
31% electricity grid to supply the boarding school, in order to meet 100% of load with COE of 
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Chapter 1 Introduction 
1.1 Background 
The energy consumption of residential and public buildings along with commercial energy use are 
the highest contributors of energy consumption in Indonesia, which was around 41% in 2012 (IEA 
2014b). The problems faced by the boarding school in Indonesia were increasing electricity costs 
and an unreliable power supply. The electricity consumption in public boarding schools is 
relatively high compared to other public buildings since all the students, teachers and staffs live 
on site at the school. Inefficient energy use such as lighting and water consumption as well as 
rising electricity prices in Indonesia have also contributed to the school’s high electricity bills. 
Electricity prices have risen significantly in the last three years. In 2011, the electricity price for 
residential was Indonesia Rupiah (IDR) 790/kWh (MEMR 2011a), which increased sharply to IDR 
1,004 at the end of 2013 (MEMR 2012a). Another problem is the unreliable electricity supply from 
the grid since there are frequent power outages when the Java-Bali undersea interconnection cable 
becomes overloaded, especially during peak hour.  
In some countries with similar energy issues, energy management practices have proven to be an 
effective way to improve energy efficiency. In Saudi Arabia, Italy and Slovenia for example, the 
implementation of energy management and energy conservation practices has proven effective in 
reducing energy consumption and costs in public schools, as well as improving in energy supply 
reliability (Sait 2013; Desideri and Proietti 2002; Butala and Novak 1999). This dissertation 
proposes the use of energy management practices and utilisation of RE technologies to improve 




1.2 Research Objectives 
The aims of this project are to investigate the possibility of improving the energy efficiency of 
Baiturrahman Boarding School by using energy audits and opportunities for the implementation 
of RE technologies. With the identification of some problems and case study situations, primary 
and sub-research questions have been formulated.  
Primary research question 
What energy efficiency measures and practices and RE technologies can be applied to respectively 
reduce energy costs and improve energy supply reliability in a boarding school in Indonesia? 
Sub-research questions 
1. What factors could affect the energy consumption in the boarding school and what steps can 
be taken to reduce this consumption and hence improve the energy efficiency? 
2. Is there any possibility for the school to become energy independent using the RE resources 
and technologies? 
3. What are the best RE technology options for the boarding school and its benefit for the 
school and the community? 
4. What are the barriers and opportunities for implementing RE technologies in Indonesia?  
 
1.3 Methodology 
The methodology consists of two main stages, which is the data collection and data analysis as 




    
     Figure 1 Research Methodology  
Data gathering 
In gathering information for the project, the following steps have been taken. 
1. Literature review. 
This step is aimed at finding and gathering broad information about the location, review of 
similar studies in literature, website and government’s information (data and statistics). 
The step also gives the author a broad understanding of the project, the capability to do 
analysis, comparison and justification of the project. 
2. Current electricity conditions identification.  
This step looks at the energy consumption of the Baiturrahman Boarding School. The 
process commences with the evaluation of electricity consumption in the buildings by 
doing the energy audit based on the Energy Management Advisory Booklet put out by the 
Australia Department of Primary Industries and Energy (DPIE 2014). Such an energy 
Data Gathering : 
* Literature Review
* Energy Audit 
* Renewable Energy Assesment
Data Analysis :
* Compare the bill with the     
existing load
* Identify the energy efficiency 
opportunity 
* Identification of RE potential
* Modelling and Simulation
Recommendation :
* Energy Efficiency     
opportunities





includes historical data analysis, walk through audit, and the last stage is the specific 
investigation and further analysis.  
3. Renewable Energy Resources Assessment. 
In this step, the existence of RE resources around the site is assessed. It identifies the 
potential RE resources that can be used to supply electricity.  
Data analysis 
1. Comparing the data from the existing load with the utility bills. 
The information that has been collected through the energy audit is analysed. Electricity 
consumption and costs are obtained through the identification of existing loads and the 
utility bills.  
2. Identification of Energy Efficiency and Conservation Opportunities.  
Using the data from energy audit analysis, a list of recommendations is proposed to the 
boarding school to reduce the energy consumption by replacing old appliances with new 
energy efficient ones or adopting more efficient processes.  
3. Identify RE resources and their capacity to generate electricity. 
The potential of RE resources that is usable in boarding school is analysed. These RE resources 
may include micro hydro, wind turbine and solar PV, depending on availability of the resource. 
This step uses RETScreen as a tool to analyse the potential of each resource, as well as the 







4. Designing and modelling the optimal RE technology system configuration.  
After identifying the RE resources potential, the power systems are designed and simulated 
to determine the best configuration for the boarding school. Upon deciding, HOMER 
software is used to calculate the feasibility of each option. 
5. Recommendations. 
Recommendations are made based on the results of the energy audit and the RE 
assessment. The recommendations are in the form of energy efficiency practices and 
proposed RE technologies to supply electricity to the boarding school. 
1.4 Dissertation Outline   
The dissertation consists of six chapters. Chapter 1, Introduction, describes the background of the 
research including an outline of the problems that need to be addressed. Research objectives and 
methodology are also presented in this chapter. Chapter 2, Literature Review, reviews the case 
study area, energy status in Indonesia and the trend of Baiturrahman Boarding School’s energy 
consumption. Furthermore, an energy audit framework, especially in the school buildings, and 
energy efficiency policies in Indonesia are presented. Chapter 3 describes the RE potential in 
Indonesia and case study area along with the RE policy RE in Indonesia. In chapter 4, Results and 
Analysis, the energy audit process is presented, along with analysis of data collected as well as 
providing suggested energy efficiency opportunities. The RE electricity generation analysis is also 
described in this chapter, including the analysis using RETScreen software. Chapter 5, RE system 
design, describes the system design and its optimisation using HOMER software. Chapter 6, 
Conclusion, presents the case study findings and gives recommendations about energy efficiency 




Chapter 2 Literature Review 
2.1. Energy Situation in Indonesia 
Indonesia is a country with abundant energy resources. As a country with many mineral resources, 
most of the energy comes from non-RE resources, which mainly consists of gas, oil and coal. 
According to Hasan, Mahlia ,and Nur (2012), around 75% of energy supply in Indonesia in 2009 
is based on those energy resources. 
2.1.1 Energy Supply 
Figure 2 shows the primary energy supply in Indonesia in 2012. It can be seen that oil is the largest 
resource, which contributes 36.2% followed by biofuel and waste with 25.4% of total energy 
resources. In addition, natural gas and peat/coal contributes around 16.4% and 14.0% respectively, 








           Figure 2 Total primary energy supply in Indonesia in 2012 (IEA 2014a) 
Perusahaan Listrik Negara (PLN), which regulates electricity production, distribution and 




by power plants that are based on fossil fuel, which is around 88.8% while only 11.2% is from RE 







        Figure 3 Electricity generation by fuel in 2012 (PLN 2013a) 
It can be seen that around 100.96 TWh or 50.4% of total electricity production is from peat and 
coal. Oil and gas share is 15% (30.04 TWh) and 23.4% (46.87 TWh) respectively. RE resources’ 
share in the supply mix is around 11.2%, with hydropower and geothermal contributing around 
















   
 
      Figure 4 Electricity supply structure in Indonesia 
The electricity supply structure in Indonesia is shown in Figure 4. This structure consists of three 
main elements, which are power generation, transmission and distribution. The electricity 
generation starts from power plants, which are owned by PLN or independent power producers 
(IPPs). PLN may choose to purchase electricity from IPPs if there is any shortfall in electricity 
supply. The next element is the transmission line where the electricity is transmitted to power 
station or sub-power station. Since the electricity market in Indonesia is based on the natural 
monopoly system, the transmission line is both owned and operated by PLN. The electricity 
voltage in transmission line is around 150 – 500 kV. On distribution side, PLN also owns and 
manages the electricity distribution to various types of consumers, which includes industry, 























2.1.3 Energy Demand 
The electricity consumption in Indonesia in 2012 was around 173,990 GWh, dominated by three 







  Figure 5 Total electricity consumption by Sector in 2012 (PLN 2013a)  
It can be seen that, the electricity consumption by the residential sector was the highest with around 
41%, followed by industry and business sectors with consumption shares of 35% and 18% 
respectively. The combined consumption share of social, government and others sector was 6%. 
2.1.4 Energy Supply Challenges 
Indonesia faces issues in supplying energy that needs immediate attention from the government as 
it undermines the achievement and maintenance of the security of energy supply, specifically in 
the electricity sector. These issues include:  
1. Infrastructure. 
The infrastructure of the electricity networks in Indonesia remains insufficient. The 




Consequently, not all the Indonesian population has the privilege of electricity. According 
to PLN, the electrification ratio in Indonesia is only around 73.73%. The electrification 
ratio in Java Island is slightly better than the area outside Java Island, at 78% compared to 
66.47% for the rest of the country. In West Java, the electrification ratio is 75.98%. This 
disparity shows that the electricity infrastructure in Java Island receives more attention 
from government compared to other islands (PLN 2013a).  
2. Geographic conditions 
The geographical nature of Indonesia is one of the main challenges for electricity and 
energy supply, as the country consists of more than 17,000 islands. Electricity power 
generation and power transmission cannot reach many rural areas as the electricity grid 
only can be accessed by the population located near the grid. For the population with no 
electricity grid, they must use remote area power supplies with generally high operational 
costs. 
3. Resources. 
The main energy resources in Indonesia are oil, gas and coal. As most of the power plants 
in Indonesia are using oil as fuel, the depletion of oil resources in Indonesia has become a 
problem for energy supply and electricity generation. Alternative fuels such as coal and 
natural gas have been used for electricity generation; however, increasing utilisation of coal 
has environmental impacts such as pollution and land degradation. Another alternative is 
RE resources, which are very abundant in Indonesia. Although these have also been 
implemented, the utilisation of RE is not optimal since the policy and support from 




with non-RE technologies, which have more support from government in the form of 
subsidies and incentives. 
2.2. Electricity situation in West Java  
The electricity network in West Java is connected to the Java-Bali Interconnection System, which 
is managed by PLN West Java and Banten Distribution. The electricity is produced by four 
different types of power plant, which are hydro, geothermal, gas turbine and coal-fired steam 
power plant. Nine hydropower plants contribute around 1.96 GW. Geothermal power plants 
provide 1.05 GW of electricity to the Java-Bali Interconnection System. In addition, gas and steam 
power plants contribute around 1.66 GW (Hasan, Mahlia, and Nur 2012; PT Java-Bali Power Plant 
2012). According to West Java Statistics Bureau (2013), in 2012, electricity consumption in West 
Java was around 37.01 GWh. Of this, 18.53 GWh was consumed by the industry sector, followed 
by the residential and commercial sectors, which consumed around 13.62 GWh and 3.19 GWh 
respectively. The consumption from social and public facilities was only 0.58 and 0.52 GWh, 
respectively.   
2.2.1. Electricity Consumption in Schools and Public Buildings 
The comfortable environment of school buildings is provided by the thermal comfort of the 
buildings, efficient energy usage and the quality of the indoor and outdoor air. In school buildings, 
electricity is mainly used for space lighting, computers, HVAC, water heating/cooling and audio-
visual equipment. In terms of lighting, the type of lamps used can affect electricity consumption. 
For example, incandescent lamps have lower efficiency compared to fluorescent and LED lamps. 
The natural lighting that comes from the sun can also have an impact on electricity consumption. 
The increased use of IT in classrooms, which commonly uses computers and audio-video 




schools with many laboratories and workshops, the use of machines, computers and space heating 
often consumes large amounts of electricity. Space heating/cooling is influenced by the 
environmental conditions/location of the school, and seasonal effects on the climate (Desideri and 
Proietti 2002).  
2.2.2 Review of Case Studies 
Energy consumption in school buildings has been the subject of various research studies. One of 
these studies was conducted by Sait (2013), which described the energy consumption of school 
buildings in hot and humid locations in City of Rabigh in Saudi Arabia and analysed the main 
electricity consumer categories in these schools, as shown in Figure 6. It can be seen that A/C, 
lighting, office equipment (including computers), laboratory devices and other machinery 






 Figure 6 Distribution of electricity consumption of building school in hot and   
humid areas (Sait 2013) 
Another study was conducted by Gomes, Coelho, and Valdez (2011), which described the energy 
consumption in a school building in Portugal. This study analysed the gas and electricity 




electricity consumption contributes to most of the energy consumption with a share of around 
95.2% — much higher compared to gas consumption with only 4.8%. The electricity consumption 
for this school included use of computer equipment, HVAC, kitchen, lighting, hot water system 
and other equipment. Although the lighting was only around 15% of total electrical load, it 
becomes one of the major electricity consumer as it is being used simultaneously. Meanwhile, gas 
consumption was mainly used for cooking and water heating in the kitchen.  
2.3 The Need for Energy Efficiency and Conservation. 
The increasing energy consumption in school buildings has a significant impact for schools since 
it can affect energy costs, convenience, as well as the environmental impact. It is important to 
implement energy efficiency and conservation activities such as: 
1. Energy consumption reduction. 
The implementation of energy efficiency and conservation activities will give schools an 
opportunity to reduce energy consumption. This can be achieved by reducing unnecessary 
consumption such as switching off the lights and AC when no one is in a room. Another way 
is by replacing old appliances/technologies with more efficient appliances/technologies to 
reduce the amount of electricity consumed. 
2. Energy cost reduction. 
As energy consumption is reduced, the total energy cost for the building is also reduced. 
Energy cost reduction can be achieved through the reduction of school electricity bills. 
Furthermore, by conducting regular monitoring and maintenance, it can detect any failures or 





3. Reduce subsidies. 
Since electricity prices are one area of government subsidies, the improvement of energy 
efficiency can reduce the amount of subsidy that government gives to the consumer and these 
funds can be reallocated to the improvement of the utility grid or to promoting RE 
technologies. 
4. Reduce GHG emissions. 
The reduction of energy consumption also means the reduction of the GHG emission that is 
produced by the power plants. 
5. Address the climate change issue. 
Climate change and global warming has been a hot topic around the world. The 
implementation of energy efficiency and good energy management practices can reduce the 
amount of GHG emissions produced in electricity generation. Along with the reduction in 
GHG emissions, it also reduces the negative impact of climate change such as increasing 
temperatures and more extreme weather events.  
2.4. Energy Audit 
Initially, the energy audit target was to reduce the energy consumption of buildings or facilities, 
with an economic emphasis in the form of energy cost reductions with less consideration to any 
environmental impacts. However, as the perception of energy audits changes, more consideration 
is being given towards environmental impact. The green energy audit idea puts more emphasis on 
doing the energy audit with the objectives of not only reducing energy costs and improving energy 




2.4.1. Energy Audit Framework  
In this dissertation, the energy audit process is based on the Australian Government’s Energy 
Management Advisory Booklet (DPIE 1994), which was used to conduct the data gathering and 
analysis. It contains several steps, including: 
1. Audit of Historical Data. 
At this stage, the energy consumption of a specific building is collected and analysed to obtain 
a picture of the trends of energy consumption. It requires specific data such as the amount of 
energy consumed, energy bills and the number of building occupants. In this dissertation, the 
information is obtained from the past year’s electricity consumption and cost in order to 
identify the electricity use trends and to determine the specific energy use per person.  
2. Screening survey/walk through audit. 
This stage is conducted to ascertain the current condition of the building. It commences with 
the walk through survey, which identifies all energy consuming equipment in the building and 
identifies any inefficiency of energy use, energy waste and poor operational processes. Any 
differences/anomalies from stages 1 and 2 are analysed to determine areas that require further 
investigation. This stage gives an immediate picture/information about possible opportunities 
to reduce energy costs, improve processes and avoid energy waste.  
3. Detailed investigation and analysis. 
The results from the historical audit and the screening survey are then used to identify the 
specific areas, processes or activities that need further analysis and a more detailed 
investigation. There is a list of items that need to be investigated further to identify any energy 
efficiency and conservation opportunities. It also includes the daily energy consumption 




2.4.2 Energy Audit in School Building   
The energy consumption in residential and public buildings along with commercial use is the 
highest contributor for the electricity consumption in Indonesia, which was around 61% in 2012 
(PLN 2013a). Therefore, an energy audit and energy conservation study is necessary to identify 
energy consumption trends and the opportunity to improve energy efficiency. Some authors have 
discussed the energy audit and conservation activities in public buildings, especially in school 
buildings. 
Sait (2013) investigated the energy consumption of a college building in Saudi Arabia, which has 
a hot, humid environment. An energy audit was done to look at the energy performance of the 
building, including energy consumption, cooling load and lighting. The results showed that by 
adopting some recommended energy conservations activities, the energy consumption reduction 
could reach around 35.3% and the efficiency of space heating/cooling appliances could be 
increased up to 31%. This result will be very useful for the building management in order to 
supervise and control electricity consumption and cost.  
Desideri and Proietti (2002) conducted an analysis and audit of energy consumption of a high 
school building in Italy. The research was focussed on thermal and electrical energy consumption 
and possible energy conservation opportunities to increase the energy saving of the school 
building. The energy audit for the school showed that electricity consumption was around 15-25% 
and cooling/heating load consumed around 80% of annual energy consumption. By using 
individual, class and per unit volume energy consumption analysis, the thermal and electricity 
energy savings could achieve 38% and 46% respectively. 
Butala and Novak (1999) conducted an energy audit in 24 old school buildings in Slovenia. The 




use for heating was 57% higher than boilers and heat exchanger capacity and 89% over the 
recommended value of heat losses. The study recommended some energy savings activities, which 
entailed improving the building envelope, water heater system and natural ventilation system.  
2.4.3. Energy Audit Policy in Indonesia  
In order to increase the efficiency of energy utilisation in Indonesia, the government has imposed 
some regulations that emphasise the implementation of energy efficiency and energy conservation. 
Government regulation No 70/ 2009 regulates the policy and the obligatory program related to 
energy conservation (APEC 2012). It sets the government responsibility (including national level, 
provincial and district government) using the term “assess, construct and establish” any energy 
conservation program (APEC 2012). 
Furthermore, this regulation stipulates that all activities related to energy production, distribution 
and utilisation should implement energy conservation activities through improving the efficiency 
of technology. In addition, there are specific regulations for large energy consumers about the 
obligation to implement energy conservation and energy management. Government regulation No 
70/ 2009 also explains the simplicity of accessing information and consultation about energy 
efficiency, incentives for big energy users and local products in terms of tax, low interest rates and 
grants for energy audits. Meanwhile, sanctions are applied for energy users that fail to implement 
energy conservation activities. As a derivation of the government regulations, the ministry also 
made a regulation about energy audits that requires energy users to carry out energy audits at least 
every three years. These can be carried out by an energy consultant, internally or externally. The 
energy audit recommendations should be implemented within one year if there is no or low-cost 






The fieldwork was undertaken from 27th June 2014 to 16th July 2014 at Baiturrahman Boarding 
School in Bandung, West Java, Indonesia. The school is a private school located in a relatively 
high altitude location around 40km from the city of Bandung, with a total area of 35,000m2. It lies 
at 7o04’ South Latitude and 107o42’ East Longitude. The fieldwork was done with the help of 
some staff from the boarding school and staff from the Research Centre for Power Electronic and 
Electrical Machine, Indonesian Institute of Science (LIPI). The activities during the fieldwork are 
described below: 
1. Energy Audit  
This includes the data gathering of electricity consumption and cost, including historical 
electricity bills, the electricity load assessment and load profile analysis. The electricity bill was 
obtained from the energy manager of the boarding school and from the utilities website for all 
meters in the boarding school. Unfortunately, not all information was obtained because some 
data from April 2013 was missing, thus for the purpose of this research, data for April 2013 
was excluded. This had no significant effect on the overall analysis, since it represented only a 
small amount of the total monthly bills. There was also one meter not included in the analysis 
because insufficient data was found.  
The detailed electricity load of the school and the load profile was collected by identifying and 
listing the entire loads being used during the day and night, estimated operation hours and the 
number of appliances. For the load profile, the measurements were taken by meter readings for 
24 hours, with 60 minutes intervals in order to obtain the hourly load consumption to be used 




A series of lumens measurements also was done during the fieldwork to assess the efficiency 
of the lighting system and to check whether the current system meets lighting system standards 
in Indonesia. 
2. Micro hydro assessment 
The measurement was done six different times/hours during the day in order to get the variation 
of the water depth. In measuring the depth of the river, the measurement was divided into 11 points 
of measurement. The depth was measured using a metal-scaled stick by submerging it into the 
riverbed and recording the value that is shown by the scale stick as shown in Figure 11. As the 
width of the river at the measurement time was 5.8 metres, the measurement was conducted using 
58cm intervals. The water flow velocity was measured using a tool named FLOWATCH, which 
measures the velocity in m/s. For comparison, a floating method was used to measure water 
velocity. The velocity was measured by floating a plastic bottle through specified distance (8 
metres) and the time needed from start side to the finish side was recorded. The detailed 














Chapter 3 Renewable Energy Resource Assessment 
3.1 Renewable Energy Resources in Indonesia   
3.1.1 Solar Power 
Solar power is one of the RE resources that has large potential in Indonesia. Since Indonesia is a 
country with a tropical environment and lies on the Equator, the solar energy resource is abundant 
with average solar radiation around 4.8 kWh/m2/day. In terms of distribution, the solar radiation 
in the western part of Indonesia is approximately 4.5 kWh/m2/day, while in the eastern region the 
solar radiation has a higher value around 5.1 kWh/m2/day. Figure 7 shows the solar radiation data 






Figure 7 Average solar radiation in five main islands in Indonesia (Veldhuis and Reinders 
2013) 
It can be seen that the solar radiation in four cities in Indonesia varies from 4 to 6.9 kWh/m2/day. 




value was shown by Makassar (Sulawesi) with 6.9 kWh/m2/day in September and the lowest value 
is in Medan with 4 kWh/m2/day in November. It can be seen that the eastern part of Indonesia has 









            Figure 8 Monthly average solar radiation and clearness Index in Bandung (NASA 2014) 
Figure 8 shows the monthly average solar radiation and clearness index in the Bandung area over 
a 22-year period. It can be seen that the highest value is 5.56 kWh/m2/day in September and the 
lowest value is in January with solar radiation around 4.2 kWh/m2/day. The solar radiation in 
Bandung reaches its highest value during the dry season (July to November) and the lowest value 
during wet season (December to June). The average clearness index in this area is around 0.48. 
This means that around 52% per cent of extra-terrestrial solar radiation coming from the 
atmosphere is absorbed (NASA 2014). 
3.1.2 Wind Power 
Indonesia has many advantages considering its location and climate condition. With the 




Ironically, wind energy development and implementation for electricity generation is still low in 
the country. The wind energy potential in Indonesia is predicted to be around 9.29 GW and total 
installed generation capacity is just around 1.6 MW, which is for non-commercial uses (research 
and development purposes), and the biggest wind turbine unit that has been installed is 100 kW 
and was installed in West Java and South Sulawesi (Martosaputro and Murti 2014). Martosaputro 
and Murti (2014) collected and correlated wind energy data from around 11 sites in Indonesia and 
the result is shown in Table 1. The simulation result shows that those sites have a total wind power 
capacity of about 2.745 GW and are capable of producing 55.2 GWh of electricity per year.  










Resolution C(m/s) k 
Baron, DIY 
 
6.13 6.29 2.24 245 50 150 
Lebak, Banten 
 
5.58 6.3 2.06 198 50 150 
Nusa Penida, Bali  2.73 3.1 1.66 30 20 130 
 
Oelbubuk, NTT  6.1 6.9 1.6 301 30 160 
 
Bantul, DIY  4 4.7 1.87 91 50 130 
 
Sukabumi, West Java  
 
6.27 7.1 2.08 272 50 180 
Purworejo, Central Java  
 
5.16 5.7 1.5 231 60 150 
Garut, West Java  
 
6.57 7.4 2.89 268 50 100 
Sidrap, South Sulawesi  
 
6.43 7.3 2.05 320 50 100 
Jeneponto, South Sulawesi  
 
7.96 9.0 2.51 491 50 100 
Selayar, South Sulawesi 
 
4.6 5.2 1.83 143 24 100 
It can be seen that the area in West Java is among the locations with good wind speed for electricity 




3.1.2.1 Wind Power Opportunity and Challenge  
 
Increasing fuel and electricity prices in Indonesia has forced the government to seek solutions for 
the energy problem. Fuel subsidies have been the crucial problem that needs to be addressed, which 
opens up opportunities for RE resources such as wind energy, which is free, needs no fuel costs, 
and has no emissions.  
On the other hand, insufficient data collection and wind data measurement could be a challenge 
on how to develop wind energy resources. Furthermore, support from government in the form of 
funds and regulations is needed in order to ensure that wind power development is on the right 
track (Martosaputro and Murti 2014). 
3.1.3 Hydropower 
Hydropower is one of the most promising RE resources in Indonesia. According to Hasan, Mahlia, 
and Nur (2012), the hydropower potential in Indonesia is around 75.7 GW but only 5.94 GW 
(7.92%) has been installed. In terms of small-scale hydropower, the estimated potential is around 
459.91 MW. The Indonesian government plan to increase the electricity production from 
hydropower to 9.7 GW by the year 2015. There are nine locations that have been operated for large 










          Table 2 Hydropower plant in West Java (Hasan, Mahlia, and Nur 2012) 




PLTA Ubrug 2 x 5.4  17.1  
1 x 6.30  
PLTA Bengkok 3 x 1.05  3.85  
1 x 0.710 
PLTA Cibadak - - 
PLTA Cikalong 3 x 6.4  19.2  
PLTA Saguling 4 x 175  700 
PLTA Cirata 8 x 126  1008  
PLTA Jatiluhur 7 x 25  175  
PLTA Lamajan 3 x 6.40  19.2  
PLTA ParakanKondang 4 x 2.48  9.92  
 
Furthermore, small-scale micro hydro also has relatively large potential to be implemented as there 
are many rivers spread around the country. The estimated potential is around 459.91 MW and the 
National Electricity Company (PLN) has developed only 4.5% or 20.85 MW from the estimated 
available capacity. The potential locations of micro hydro are mostly found in Kalimantan, 
Sumatra and Sulawesi.  
3.1.3.1 Hydropower Opportunities and Challenges  
As Indonesia has many rivers, it can be very beneficial to implement hydropower for electricity 
generation. Areas with large rivers such as Sulawesi, Kalimantan and Sumatra have large hydro 




every province, it can be an option to supply electricity to rural areas and to achieve energy 
independence for consumers who want to reduce their electricity consumption from the grid. 
Notwithstanding, there are some issues related to hydropower, especially for small-scale power 
plants. First is the issue of energy policy, the lacks of a regulatory framework to give economic 
incentives to investors to encourage their interest in such projects, as well as lack of environmental 
or social risk mitigation, and the lack of coordination between parties involved in setting up such 
projects. Secondly, the market and technology aspect has also become an issue due to a lack of 
financial support and financial schemes from the government, standardised equipment and the 
human resources capacity. Finally, there is little information and technology dissemination, which 
can affect the community’s acceptability of hydropower technology. 
3.1.4 Biomass 
Biomass energy is commonly harnessed from human/animal waste and crops commodities and it 
can produce fuel in the form of liquid, gas, and solid fuels. Hasan, Mahlia, and Nur (2012) 
described how biomass in Indonesia is produced from rubber wood, rice residues, palm oil and 





Table 3 Main sources of biomass in Indonesia  
Biomass Main region Production 




Rubber wood Sumatra, Kalimantan, 
Java 
41 (replanting) 120 Small log < 10 cm medium and big logs are 
used as fire wood in brick and roof tile industry 
Logging residues Sumatra, Kalimantan 4.5 19  
Sawn timber residues Sumatra, Kalimantan 1.3 13 Residues of the factory often used as fire wood 
by local communities, residue available for free 
Plywood and veneer 
production residues 
Kalimantan, Sumatra, 
Java, Irian Jaya, 
Maluku 
1.5 16 Residues are generally used yet 




Cane tops: 4 
Cane leaf: 9.6 
78 Bagasse is generally used in sugar factories 
(90%), The use of cane leaf and tops need to be 
investigated 







150 Stalk and straw are generated at the field and 
generally burnt, in some areas used for feeding 
or raw material for paper industry Husks often 
burnt uncontrolled 






7 Residues are used generated decentralized and 
usually left on the plantation field. Largely used 
as Firewood and for production charcoal 








Palm shells: 1.2 
67 Palm cells and fibre are common fuel source, 





It can be seen that the biomass sources in Java including West Java is commonly from rice residues, 
rubber wood and a small percentage from sugar and coconut residues. Beside those resources, 
animal and human waste also can be used as biogas resources. The biogas resources can be 
obtained from human and animal waste such as horses, buffaloes and cows, which are abundant in 
the country. Table 4 shows the potential of biogas in some regions in Indonesia. 
               Table 4 Biogas potential in some province in Indonesia (Hasan, Mahlia, and Nur 2012) 
Province 
 Biogas potential 
(MW) 
East Java  125.9 
Central Java  63 
NTT  56.7 
North Sumatra  46.8 
Aceh  42.7 
South Sulawesi  28.8 
West Java 40.1 
Bali  32 
NTB 28.2 
South Sumatra  26.8 
West Sumatra. Province of Central Sulawesi, 10–19 
West Kalimantan, North Sulawesi, Lampung,  
and Southeast Sulawesi  
Other provinces  <10 
 
 In order to produce energy from animal and human waste, a process called anaerobic 
digestion can be used to produce biogas, consisting of methane, which is the main component of 
natural gas. This gas can be used for replacing natural gas, or to generate electricity through small 
gas turbine generators. Different animal wastes can produce different amounts of energy. Every 
kilogram of cow dung produces around 0.023 – 0.040 m3 of methane, while pig and chicken waste 
can produce around 0.040-0.059 and 0.065-0.116 m3 of methane respectively (United Nations as 




biogas resulting from the dung is 0.025 m3/kg, then the amount of gas produced is 0.25-0.5 m3 per 
day per cow. According to (Kasisira and Muyiiya 2009), 1m3 of biogas can generate 1.25 kWh 
electricity, so one cow can generate 0.3 to 0.6 kWh per day. 
3.1.5 Geothermal 
Geothermal energy is one of the RE resources that is very abundant in Indonesia. Since the country 
has many volcanoes, most of the geothermal resources are located near volcanoes. Geothermal 
potential in Indonesia is one of the biggest in the world, which reaches around 28 GW and shares 
around 40% of global reserves. Geothermal resources in Indonesia are mainly classified as high 
enthalpy resources (over 225oC) and the rest are medium enthalpy (150-225oC) (Saptadji 2009). 
Figure 9 shows the geothermal potential around the Indonesian archipelagos. The circle indicates 









    Figure 9 Geothermal potential in Indonesia (MEMR 2011b) 
Geothermal in West Java has around a 20% share of Indonesia’s geothermal potential. Some 




installed capacity of around 1,057 MW, this contributes about 96% of total installed capacity in 
the country. 
                      Table 5 West Java Geothermal power plant installed capacity  








3.2 Renewable Energy Resources at the Case Study Area 
This section describes the RE resources that are available for generating electricity for the 
Baiturrahman Boarding School. The location was selected because the RE resources are relatively 
good especially for hydro and solar and the hydro location, just 5 metres from the boarding school, 
is very good. Besides that, the access to the location is relatively easy.  
The wind and solar data was obtained from the nearest measurement point, which is Bandung 
Airport. This data is gathered from NASA website, which is compiled in the RETScreen weather 
database. The wind and solar data of the study case area can be seen in Table 6. It can be seen that 
the monthly average wind speed varies from 2.7 m/s to 5.3 m/s. According to the data, the highest 
value occurs in August with wind speeds reaching 5.3 m/s. The annual average solar radiation and 
clearness index in Bandung is 4.89 kWh/m2/day and 0.49 respectively. The highest solar radiation 






PLTP Kamojang 1 x 30  200  
 2 x 55   
 1 x 60   
PLTP Salak 3 x 60  375  
 3 x 65   
PLTP Darajat 1 x 55  255  
 1 x 90   
 1 x 110   
PLTP WayangWindu 1 x 110  227  




around 4.57 kWh/m2/day. The average clearness index in this area is around 0.49. This means that 
around 51% per cent of extra-terrestrial solar radiation coming from above the atmosphere is 
absorbed. 
Table 6 Wind and solar data of case study (NASA 2014). 
 
 
The hydropower resource was also assessed during the fieldwork visit, as described in section 2.5. 
The measurement was conducted during the dry season which was during the month of June so 
then the river flow was considered as the minimum value. The river depth information was used 
to find out the cross-sectional area of the river using equation 1, as can be seen in Figure 10. The 
flow rate was then calculated by multiplying the cross-sectional areas (A) with the river mean 
speed (v) (Twidell and Weir 2006). The detailed river measurements and cross section area 
calculation can be seen in Appendix A. 
Month 









January 4.57 0.42 3.4 
February 4.69 0.43 3.4 
March 4.89 0.46 2.8 
April 4.83 0.49 3.2 
May 4.86 0.54 4.1 
June 4.67 0.55 4.5 
July 4.91 0.56 5.2 
August 5.28 0.56 5.3 
September 5.43 0.53 5 
October 5.17 0.48 4 
November 4.6 0.42 3.4 
December 4.83 0.45 2.7 
Annual 4.89 0.49 3.9 





Area = ½y1z1+ ½(y2−y1) (z1+z2) + ½ (y3−y2) (z2+z3) +½ (y4−y3) z3   (1) 
 
 

















    Figure 11 Hydropower resource measurements 
The water flow velocity was measured using a tool named FLOWATCH. The summary of river 


















1 0.39 1.31 0.51 0.23 
2 0.45 1.62 0.74 0.33 
3 0.52 1.64 0.85 0.38 
4 0.46 1.53 0.71 0.32 
5 0.45 1.58 0.70 0.32 
6 0.48 1.52 0.73 0.33 
Average 0.459 1.53 0.70 0.32 
 
For comparison, a floating method has been used to measure water velocity. The details of the 
measurement using floating method are shown in Table 8.  
      Table 8 River depth and water flow velocity using floating method 
 
Since the river has a turbulent flow, the mean velocity should be multiplied by 0.45, which is the 
correction factor (CF) for a shallow, turbulent stream (< 0.5 m) (Fraenkel et al. 1991). It can be 
seen that the average velocity is around 0.91 m/s with area of 1.53 m2 so then the flow rate around 
0.62 m3/s after the correction factor is applied. The velocity that was measured through the 
conventional method was slightly different compared to measurements using the FLOWATCH 
Attempt 1 Attempt 2 
Measurement time (s) velocity (m/s) time (s) velocity (m/s) 
1 9.74 0.82 9.12 0.88 
2 11.11 0.72 8.89 0.90 
3 11.5 0.70 9.07 0.88 
4 10.95 0.73 8.02 1.00 
5 10.1 0.79 8.17 0.98 
6 8.78 0.91 9.38 0.85 
7 13.23 0.60 7.82 1.02 
8 10.18 0.79 9.47 0.84 
9 9.69 0.83 8.94 0.89 
10 11.04 0.72 9.30 0.86 




instrument. In this research, we used the value that was measured through floating method, as it 
gave a higher value than the value shown by instrument. 
3.3 Renewable Energy Policies in Indonesia   
Indonesia energy consumption is highly dependent on fossil fuel resources. The depletion of fossil 
fuel resources forces the government of Indonesia to think about alternative energy resources. The 
RE potential in Indonesia is scattered around the islands in the country, which are isolated from 
one another. Since it is very difficult to extend the grid to those islands, the utilisation of RE to 
provide the energy needs may be the appropriate solution. According to the Indonesia Energy 
Blueprint 2005 – 2025 as stated in Presidential Decree no 5/2006, RE resources are projected to 
play an important role in energy production and will contribute around 17% of total energy 
production in 2025 (Resosudarmo, Alisjahbana, and Nurdianto 2010). Until 2008, the share of RE 
resources was only 2 %, or a contribution of around 5.7 GWh of total energy production. 
The government policy relating to RE in Indonesia began with the introduction of the Green 
Energy Policy through the Ministerial Decree No.2/2004. The main aim of this policy is to make 
energy supply and its utilisation become more sustainable through the maximisation of RE 
utilisation, the increase of energy efficiency measures and enhancement of public awareness. In 
line with this policy, there are also policies about the utilisation of RE for electricity generation, 
which is Ministerial Decree No.1122/K/30/MEM/2002 for small-scale, and Ministerial Regulation 
No. 2/2006 for medium scale (IEA 2008). Both policies emphasise the promotion of RE resources 
to the grid via the Feed in Tariff (FIT) mechanism. Ministry of Energy and Mineral Resources 
(MEMR) regulation No 31/2009 regulates the price of FIT for small and medium scale power 
generation, which has the capacity up to 10 MW. The FIT price is IDR. 656/kWh if connected to 




introduced, some micro hydro has been interconnected with the national electricity grid (IEA 
2008). Another MEMR regulation about RE is the MEMR Regulation No 4/2012, which regulates 
the introduction of the FIT for mini hydro and biomass power plants and MEMR Regulation No 





Chapter 4 Results and Analysis 
4.1 Energy Audit  
The energy audit step that was used for the case study of Baiturrahman Boarding School in 
Bandung, West Java Indonesia has been described in chapter 2. The audit identifies the energy 
consumption situation of the boarding school, trends and anomalies, and promotes the energy 
efficiency and conservation opportunities activities that can be used to improve the energy 
situation. In addition, it ascertains the possibility of using RE resources to replace using electricity 
from the grid. The school facilities include the school buildings, student dormitories, teachers’ 
houses, worship centres, one main hall and a computer laboratory. Figure 12 shows the area of the 















4.2 Energy Audit Boundary for Case Study 
The boundary of the case study audit is shown in Figure 13. It includes the buildings that consume 
the most electricity, being the school buildings, student dormitories, teachers’ houses, the mosque, 
main hall and computer laboratory. The energy used in the defined boundary is used for lighting, 






       Figure 13 Audit boundary of the boarding school 
4.2.1. Step 1:  Electricity Billing Analysis 
In this step, the electricity consumption of the building within the case study was analysed through 
the electricity billings that were obtained from the boarding school.  
4.2.1.1 Electricity Consumptions and Cost 
The electricity bills were obtained during the fieldwork as described in section 2.5. This analysis 
was done in order to identify the trend of daily energy consumption of the boarding school. The 
monthly daily electricity consumption and energy costs of the boarding school are shown in Figure 
14. It can be seen that the electricity consumption and energy costs of the boarding school vary 
throughout the year. The total electricity consumption of the boarding school for the period of the 
School 
Dormitories 








billing data (14 months) was 114.44 MWh or around 6.73 MWh per month. The electricity cost 
based on the billing period is IDR 98, 782,854.00 or around IDR 5, 810,756.12 per month.  
     
  Figure 14 Monthly Daily electricity consumption and cost of Baiturrahman Boarding School 
The boarding school’s utility charges on electrical consumption are based on the residential rate 
and not the social consumer rate because the meters/bills are on behalf of private ownership. Table 
9 and Table 10 show the electricity rate for the residential consumers in 2013 (MEMR 2012a). 
Since the electricity price for the residential consumer changes throughout the billing period, it is 
impractical to compare the monthly electricity cost with consumption. The value in Figure 14 has 
been normalised into daily electricity cost. For the residential consumer, there is no difference 
between the rate for the peak load and off peak load times, so then load shifting of the boarding 
school does not necessarily improve energy consumption and cost situation. There are fourteen 
buildings with individual meter with different capacity so then the rate for 1300 VA, 2200 VA and 




Table 9 Electricity rate for the residential consumer (standard meter) in Rupiah 
* Minimum bills = 40 x Capacity (kVA) x Electricity Price 
      Table 10 Electricity rate for the residential consumer (prepaid meter) in Rupiah 
 Prepaid meter 
Capacity Jan - March 2013 April - June 2013 July - Sept 2013 Oct - Dec 2013 Jan-Apr 2014 
900 VA 605 605 605 605 605 
1300 VA 833 879 928 979 979 
2200 VA 843 893 947 1004 1004 




 Standard meter 
Capacity Service charge Electricity Price Jan - March 2013 April - June 2013 July - Sept 2013 




900 VA 20000 20 kWh-60kWh 445 445 445 445 445 
  >60 kWh 495 495 495 495 495 
1300 VA *  833 879 928 979 979 
2200 VA *  843 893 947 1004 1004 
3500-5500 VA *  948 1009 1075 1145 1145 




4.2.1.2 Electricity Consumption per User and Square Metre 
One of the energy consumption parameters is the Electricity Consumption Index. This value 
compares the electricity consumption per square metre of building or per class and per student. 
The electricity energy specific consumption is a measure of the electricity consumption with 
respect to the building size. It describes the electricity consumption per unit of area (square metre) 
of the building. The area of the Baiturrahman Boarding School is around 3.5 ha or 35.000 m2. 1.5 
ha (15,000 m2) is used for the farm, while the rest 1.5 ha is used for dormitory, school buildings 
and its facilities and this area will be used to determine the Electricity consumption Index (ICE) 
of the boarding school. The number of pupils/students who stayed at the boarding school and 
attended classes during the study term of 2013/2014 was 738 students. Based on this number, the 
Electricity Consumption Index can be calculated. Specific electricity consumption is around 
133.24 kWh per student per year and 6.55 kWh per m2 per year.  
4.2.1.3 Trends and Anomalies   
The electricity consumption of the boarding school varies throughout the year. As shown by Figure 
14, electricity consumption had significant fluctuations over this period. This trend could be 
influenced by seasonal factors (such as dry and wet seasons) or any special events or activities. To 
give a clear understanding about the electricity bill system in Indonesia, the bill is issued 
retrospectively for the electricity consumption of the previous month. However, the value in the 
horizontal axis of figure 14 represents the month which the energy consumption occurred. The 
electricity consumption during December 2012 to March 2013 showed an increasing trend. It 
shows an opposite trend compared to the electricity consumption from January to March 2014. 
The electricity consumption then decreased in May 2013. The decreasing electricity consumption 




are limited due to a study break for students when they return to their homes. It clearly reduced 
the amount of electricity consumed by the school. The electricity consumption began to increase 
from July and August 2013 when the students came back from study break and started all activities 
again. 
The highest electricity consumption was reached in August 2013, when the electricity consumption 
was around 378 kWh/day. The high electricity consumption in August was due to the high demand 
during the new school term and also because the Ramadhan occurred at this month. In this period, 
the school opened for enrolment of new students and they occupied the new dormitory, which led 
to more activity such as orientation and higher electricity consumption as well as the Ramadhan’s 
activity. The increasing number of occupants and hours of lighting utilisation thus increased 
electricity consumption. Along with lighting, water consumption also increased and made 
electricity consumption even higher since the pump consumed more electricity to fulfil the 
boarding school’s demand. Besides that, the seasonal effects when there is a change from wet 
season to dry season leads to the increasing utilisation of water pumping. The electricity cost at 
this period does not goes up following the electricity cost, as there is possibility of miss-charge by 
the utility and then being accumulated in the following month. The electricity consumption than 
decreased in the next two month as the learning activity runs as usual. 
4.2.2. Step 2: Walkthrough Audit   
4.2.2.1 Screening Results   
The walkthrough audit was conducted in order to identify the current condition of electricity 
consumption of the boarding school. The audit began by looking at the building condition in 
general and more specifically, the electricity consumption of equipment and student activities 
during the day and night. It describes the amount of electricity consumed by the equipment and 




immediately identify any further opportunities to improve the energy efficiency. Boarding school 
activities are different compared to other public schools. In boarding schools, for instance, all 
students live at the school dormitory while other types of public school do not have sleeping 
facilities. This condition makes the activities and the energy consumption of boarding schools 
higher. Table 11 and Table 12 show the list of equipment and the estimated electricity 
consumption.  
Table 11 List of equipment in Boarding School and its estimated electricity consumption 
Equipment  Rated Quantity Operation Daily Electricity Annual Electricity 
 / Appliances  Power (Watt)  Hours Consumption (Wh) Consumption (kWh) 
       
Lighting      
CFL Lamp 18 184 6.8 22,464 8,199 
 14 157 12 26,376 9,627 
 14 18 4 1,008 368 
CFL Lamp 38 10 4 1,520 555 
CFL Lamp 5 77 4 1,540 562 
CFL Lamp 11 23 4 1,012 369 
CFL Lamp 9 77 4 2,772 1,012 
CFL Lamp 23 9 4 828 302 
 23 2 8 368 134 
CFL Lamp 28 2 12 672 245 
TL Lamp 18 16 4 1,152 420 
 14 2 12 336 123 
 38 12 4 1,824 666 
 23 6 4 552 201 
Halogen Lamp 250 1 11 2,750 1,004 
Water Dispenser 350 9 1 3,150 1,150 
 350 9 3 9,450 3,449 
Blower 150 1 8 1,200 438 
Rice cooker 60 1 24 1,440 526 
Iron 150 17 3 7,650 2,792 
Computer 150 17 8 20,400 7,446 
 150 1 10 1,500 548 
 150 3 5 2,250 821 
Printer 20 9 1 180 66 
Air Conditioner 630 1 8 5,040 1,840 
 550 1 5 2,750 1,004 




Display Fridge 200 5 24 24,000 8,760 
Freezer 100 1 24 2,400 876 
Washing Machine 375 13 2 9,750 3,559 
  375 3 3 3,375 1,232 
Water pumping      
 Big pump  1,800 1 24 43,200 15,768 
 1,300 1 6 7,800 2,847 
 Small pump  125 2 7 1,750 639 
 125 3 6 2,250 821 
 125 3 24 9,000 3,285 
 125 1 12 1,500 548 
 200 1 5 1,000 365 
 235 1 6 1,410 515 
 235 1 7 1,645 600 
 185 1 8 1,480 540 
  .    
 Total     257,744 94,077 
 
4.2.2.2 Screening Analysis   
The electricity consumption of the boarding school includes lighting, water pumping, refrigerators, 
air conditioners, office equipment and washing machine usage. The estimated daily electricity 
consumption for the school is 257 kWh/day. The estimated electricity consumption is calculated 
based on the power consumed during the estimated operation hours. The estimated annual 
electricity consumption is around 94,077 kWh, which is 9.2% higher than the electricity 
consumption based on the historical billing analysis of 86,120 kWh. Some appliances that run 
irregularly with no fixed operation hours caused different values and made the precise electricity 
consumption too difficult to be estimated. 
Figure 15 shows the daily electricity consumption profile of the boarding school based on the type 
of load. The water pumping sector consumes the highest electricity at around 28%, followed by 
lighting and refrigeration, which use around 25% and 21% respectively. The office equipment, 




as “other” categories. The lowest electricity consumption is shown to be washing machines and 
air conditioners, with 5% and 3% of total electricity consumption respectively. The high electricity 
consumption for lighting and water pumping could be due to school activities, which start at 3.00 
am in the morning. 
Figure 16 shows the load profile of the boarding school. It was obtained during one day 
measurement as has been described in the field work section. It was expected the load fluctuation 
around 5 – 10% during the day,   It can be seen that the peak load is around 12.41 kW and occurs 
between 20.30 pm – 21.30 pm, while the lowest electricity consumption is 6.27 kW and occurs 
between 09.30 am – 10.30 am. The average load demand is 7.69 KWh. The load profile also shows 
that there are sudden spikes in electricity consumption at 06.00 am, 12.00 pm and 21.00 pm, when 
the water pumping runs for supplying water to the boarding school for showering and praying.   
Based on the actual measurements, the daily electricity consumption of the boarding school is 
around 184.57 kWh, which is less than the electricity bills. This may be because the measurement 
was conducted during the month of Ramadhan, when student activities were not as great as other 
months as most of the meters showed lower values than estimated. In addition, the computer 























   
 
         
 




From the walk through audit, it was found that lighting, water pumping and refrigeration are three 
sectors that consume the most electricity at the boarding school, and therefore those three sectors 
are investigated further in the next section.  
4.2.3 Step 3: Further Investigation and Analysis    
4.2.3.1 Water Pumping   
The water for the boarding school is supplied by a river near the school. Water pumping shares the 
largest daily electricity consumption with estimated consumption around 71 kWh per day. Based 
on the information from the school, the daily water consumption at the school is around 60 – 100 
m3/day or 60,000 – 100,000 L/day.  
To fulfil the water demand, the water is initially stored in a pond at the upside area of the school 
that flows into the main reservoir tank 1 using gravitational force. In this water tank, a purifier 
liquid is added through tank 2. The water then goes to the next water reservoirs (3 and 4) where 
water is filtered and purified and finally the purified water goes to tank 5 where the clean water is 
stored. This system uses an auto on-off sensor of there is any excess water. The water treatment 
system is shown in Figure 17. 
To pump the water to the whole boarding school, two pumps are used. The first pump P1 (Grundfos 
CM103, 1.8 kW) runs 24 hours per day (20 hours effectively as there is an automatic on-off 
mechanism if the water tank is full) while the second pump P2 (Grundfos CM102, 1.3 kW) works 
at times when water demand is high such as in the morning, midday and at night (around 6 hours). 
The capacity of the first and second pumps is around 2.7 L/s. If P1 runs a full day, it can pump 
233,280 litres/day, while around 194,400 litres/day was pumped if P1 runs for 20 hours. This 
amount of water is actually more than enough to meet the boarding school’s demand. P2 is used 




pm. Based on this information, it can be seen that the water pump consumes more energy than it 








       
  Figure 17 Water treatment tank 
4.2.3.2 Lighting  
Another category that has high electricity consumption is lighting, which is estimated to consume 
around 65 kWh per day or 25% of total electricity consumption. The lamps are used in classrooms 
during night sessions for studying, the office, dormitories, teachers’ houses and other school 
facilities. The lighting system in the boarding school uses two types of lamps: compact fluorescent 
lamp (CFL) and tube lamps (TL), with CFL lamps the dominant lamp in the boarding school. The 
CFL wattage varies from 5 Watts to 38 Watts while TL ranges from 14 Watt to 38 Watt. A series 
of lumens measurements was done during the fieldwork. Four types of building that were measured 
for their lighting systems, which were the classroom, the office, the canteen and the laboratory. 









Table 12 Building Illumine of case study 





Classroom 33 - 175 250 below  
Office 120 - 172 300 below  
Canteen 29 - 85 200 below  
Library 95 - 126 300 below  
 
It can be seen that none of the lighting systems meet the minimum requirements for specified 
working as regulated by the National Standardisation Agency of Indonesia (BSN 2001). Although 
the lux level is not sufficient, this research does not discuss lux level improvement since it still 
reasonably supports learning activities. Rather, it focusses on how to reduce the electricity 
consumption of the lighting system of the boarding school. It seems that CFLs used in the boarding 
school are relatively efficient compared to incandescent lighting, since they consume 80% less 
energy and 5% more energy compared to LEDs. Even though LEDs could be a good option 
because they have a longer life span, they have a higher capital cost, especially for each lamp and 
its fixtures (Nan and Chung 2011).  
4.2.3.3 Refrigerator 
Refrigerators in the boarding school are used for several functions. The minimarket uses it to 
display and store cool drinks - there are five display fridges as shown in Figure 18. Fifteen fridges 
are used in the teachers’ houses for daily purposes such as meat and vegetable storage and one 
freezer is used in the male dining room to store all students’ needs. The refrigerators run 24 hours 
daily in order to keep all food and drinks fresh and cold. This is estimated to consume around 53 
kWh/day or 21% of total estimated electricity consumption. There is no significant way to reduce 
the electricity consumption of the refrigerator system. Replacement with more efficient fridges 












    Figure 18 Display fridge in the Boarding School’s minimarket 
4.2.4 Energy Efficiency Opportunities   
The improvement of energy efficiency for the boarding school can be achieved through the 
improvement and upgrade of the three sectors that have high electricity consumption. In this case 
study, water pumping requires the most attention since it has the highest electricity consumption. 
The reduction of electricity consumption is focussed on the 1800-watt water pump that is used for 
supplying water to the boarding school, as this could provide significant savings in electricity 
consumption and cost. Replacing the large pump with a smaller capacity pump would reduce 
electricity consumption while still meeting water demand. Another way would be to reduce the 
operation time, or a combination of these two solutions. In this case study, the combination of two 
solutions would be the most beneficial way to reduce consumption and cost. In the proposed 
system, the hours of operation would be reduced to 12 hours and a smaller 1300-Watt pump would 




litres/day), which means can supply enough water that is required by the school. The cost for the 
proposed pump is $650 based on the information from Jakarta Pump, a pump distributor in 
Indonesia, through an email to the author on September 30, 2014. The O&M cost including energy 
cost is $768 and installation cost is $50. Table 13 and Table 14 show the life cycle cost analysis 
and savings by replacing the 1.8 kW pump with 1.3 kW pump. With a 20-year life cycle cost 
analysis at 8% discount rate with electricity rate of $0.135/kWh (PLN 2014), the result shows that 
the annual energy saving is 7446 kWh (56.6%) with annual cost savings around $1,005.21. The 
NPV of this system after a 20-year period is $5,112 with payback period around 0.51 years. 
Detailed calculations are shown in Appendix B. 
  Table 13 Water Pump Replacement Analysis 
 Existing Proposed 
Motor Rate (Watt) 1800 1300 
Daily Operation hour (hrs) 





Energy consumed (kWh) 36 15.6 
Annual consumption (kWh) 13140 5694 
Energy saving (kWh)  7446 
Annual Energy Cost ($) 1,773.9 768.69 
Annual Cost Savings ($)  1,005.21 
 
Table 14 Financial analysis water pumping replacement 
Financial Summary 
Motor  $650 
Installation $50 
Annual operating hours 4380 hrs 
Analysis Period 20 years 
Discount rate 8% 
Inflation rate 0 
NPV $5,112.2 
Annual Energy saving  7446 kWh 
Annual Cost Savings  $1,005.21 





A reduction in electricity consumption for the lighting system can be achieved through lighting 
system improvements. From the walk through audit, it was found that all lamps in the boarding 
school are using fluorescent lamps (CFL and TL), which is a more efficient lighting system than 
incandescent lamps. The improvement of  the lighting system can be achieve by reducing the 
operational hours of the lamps, especially in the student dormitories by switching off all lamps 
when they are not needed, for instance during the night when everyone is asleep, except the 
corridor lamp for security reason. Furthermore, the regular service, maintenance and cleaning of 
all refrigerators would allow the equipment to run more efficiently 
4.3. Renewable Energy Electricity Generation 
4.3.1 Introduction   
The RE resources in the case study area were described in chapter 3. Using the availability of RE 
resources in the case study area, the possibility of replacing current electricity supply with 
electricity generation using RE resources are analysed. The electricity generation from wind, solar 
PV and hydropower resources will be assessed, including the technical, financial and 
environmental analysis.  
To analyse the RE generation, a software package named RETScreen was used in this research. 
RETScreen program is an excel based software which was built and developed by Natural 
Resource Canada’s CANMET Energy Diversification Research Laboratory (CEDRL) in Canada 
involving many experts from different backgrounds and well supported by national and 
multinational organisations such as the United Nations Environment Program (UNEP) and 
National Aeronautics and Space Administration (NASA) of America (Thevenard, Leng, and 




software provides a wide range data of climate, weather, hydrological, sample project, and RE 
resources map in its database (RETScreen International 2014 a). 
RETScreen has been used globally for pre-feasibility and feasibility study analysis of RE 
resources. The software provides an integrated and wide analysis of RE projects, including 
technical aspects such as electricity production, financial aspects covering cost analysis, savings, 
payback period and sensitivity analysis, and environmental aspects in terms of GHG emission 
reduction. All models and analysis in RETScreen software allows the decision maker to have a 
good understanding about the feasibility of an RE project and can decide whether a project is 
feasible and beneficial or not (RETScreen International 2014 b). The parameters in RETScreen 
that are used to justify the feasibility of a project include the annual savings, the annual cost, NPV 
and simple payback period. 
4.3.2 RETScreen Wind System Analysis   
The wind resource for the case study was discussed in chapter 3. The monthly average wind speed 
in the case study area range from 2.7 m/s to 5.3 m/s with an annual average wind speed around 3.9 
m/s. This value is classified as class 2 area with wind power density around 100 W/m2. Although 
this value is not suitable for utility purposes, it is still adequate for rural area or RAPS purposes 
(NREL 2014). For the case study, given the peak load over a year, site profiles and the electricity 
rate, two types of wind turbine were considered, which are 10 kW and 20 kW in order to 
accommodate the fluctuation of load demand and annual electricity consumption. For this analysis, 
the wind shear of 0.14 was applied to the case study, as it is the recommended value if there is no 
information about the site characteristics (RETScreen International 2014c). The Array losses were 
set to be 0%, as there is only one wind turbine to be installed, the air foil losses is 1% and the 




with assumption of no FIT for wind turbine in Indonesia, therefore the electricity is never exported 
to the grid and the electricity export income from the RETScreen result is the value they can use 
to pay the electricity charge or the value they can save. The electricity export rate for this analysis 
was $0.135/kWh (PLN 2014). The specification and the power curve for both wind turbines are 
shown in Table 15 and Figure 19 and Figure 20.  
         Table 15 Wind Turbines Specification 
Turbine spec 
Name Turbine 1 Turbine 2  
Capacity (kW) 20 10 
Manufacturer ReDriven ReDriven 
Model 20 KW 10KW 
Hub Height (m) 18 18 
Rotor Diameter (m) 12 8 










   
 
 














         Figure 20 Power Curve for 10 KW ReDriven Wind Turbine (RETScreen 2014a) 
The RETScreen analysis results for these turbines are shown in Table 16. It demonstrates that WT1 
can generate 23 MWh of electricity per year while the WT2 produced 11 MWh of electricity per 
year.  
  Table 16 RETScreen analysis result for 20KW  
  and 10 KW wind turbine 
RETScreen Result 
Turbine 20KW 10KW 
Capacity Factor (%) 12.8 12.2 
Electricity to Load (MWh) 22 11 
Electricity deficit (MWh 72 83 
GHG reduction (tCO2) 16 8 
 
The RETScreen analysis result shows that the load still suffers a deficit 72 MWh of the estimated 
annual electricity consumption if WT1 is installed and 83 MWh if WT2 is installed. WT1 supplies 
around 22 MWh of electricity to the load, which equals $3,017 of electricity cost savings that could 




bills to the utility. In terms of emission analysis, it can reduce GHG emissions around 16 
tCO2 - equivalent to 2.9 cars not operating for WT1 and 8 tCO2, or 1.4 cars for W T2.  
In the financial analysis, the project is considered to have 20 years lifetime with an 8% discount 
rate. The cost detail was obtained from Wuxi Naier Wind Power Technology Development Co., 
Ltd, a wind turbine manufacturer in China through email to the author on September 16, 2014. 
The wind turbine system cost around $11,550 for 10 kW and $27,800 for 20 kW including tower 
with life times of 20 years. As the wind turbine is imported from overseas, to get the total capital 
cost there are some cost components that should be determined. Other cost components include 
Value Added Tax (VAT), import duty and freight cost (Kunaifi 2008). The VAT in China is 17% 
(Worldwide-tax 2014). The import duty for the wind turbine was assumed the same with the 
electric generator and rotary converter, which was 10% of the product price (Ministry of Finance 
2014). To obtain the cost of delivery (freight cost), the rate of DHL has been used. Based on the 
weight that was given by the manufacturer and the rate of DHL, the freight cost was then 
calculated. The installation cost was estimated around 10% of the initial cost (IRENA 2012). The 
freight cost for the system is $9,610 and $15,662 for 10 kW and 20 kW respectively. Detailed of 
financial analysis parameter of wind turbine is shown in Table 17.  
Table 17 Financial Analysis of Wind Turbine 
 WT 1(20 kW)  WT 2 (10 kW) 
Initial Cost ($) 53,748  25,433 
Maintenance Cost ($) 130  340 
Electricity Cost Savings ($) 3,017  1,448 
Discount rate (%) 8  8 
Project Life (years) 20  20 
SPP (years) 18.6  23 
 
It can be seen that each turbine shows a different financial analysis. WT 1 has a larger electricity 




Based on this value, it can be concluded that the option of WT 1 is feasible while turbine 2 option 
is not feasible as the payback period is beyond the project’s lifetime of 20 years.  
4.3.3 RETScreen Solar PV Analysis  
Solar PV was considered as an alternative RE resource for the boarding school besides wind power 
resources. Given the solar resource in the case study area and other information, the feasibility of 
solar PV utilisation was analysed. The average daily solar radiation for the case study was around 
4.82 kWh/m2/day with the PSH estimated around 4 – 5. Based on this number, a 60 kW PV system 
was being considered in order to meet the daily load demand for the case study for the worst case 
scenario (the month with lowest PSH and highest daily load). This PV size was obtained by divide 
the energy required from PV to meet the load with the PSH and derating factors. 
For this analysis, the slope of the PV panel was 7o, which was the value of its latitude and was the 
best value for the location near the Equator. The proposed PV panel was monocrystalline, which 
assumed miscellaneous losses to be 0% with efficiency around 95%. The grid type for PV was 
using the same type with wind turbine analysis. The electricity export rate for this analysis was 
$0.135/kWh (PLN 2014). The initial cost for the 4 kW PV was estimated around $10,539 
according to the information emailed by RoyalPV, a PV distributor in Indonesia, through email to 
the author on September 15, 2014. The total initial cost including balance of the system was around 
$32,934 or $8,233/kW and O&M was assumed around $10 per year, as less maintenance is 
required. The discount rate was set to be 8% and it was assumed that there is no interest rest and 
grant from the government during the 20-year lifetime of the project. The detailed input for the PV 






       Table 18 PV System Input 




 60 kW 
Initial Cost $493,980 
O/ M $10 
Discount Rate 8% 
Project Life 20 years 
 
The RETScreen analysis results for the PV system are shown in Table 19. It can be seen that the 
PV has a capacity factor of around 17.7%, which states the power can be generated by PV with 
respect to its rated capacity in one year. The PV system can produce electricity around 93 MWh 
per year or equal to $12,587 electricity charge savings. In term of GHG emissions reduction, it can 
reduce around 16 tCO2 per year, equal to one car/truck not used. The result shows that the PV 
system is not feasible as the SPP is 39.3 years, well beyond of the project’s life time. 
   Table 19 RETScreen analysis result 
RETScreen Result 
Capacity Factor (%) 17.7 
Electricity to Load (MWh) 6.21 
GHG reduction (tCO2) 






For the micro hydropower system, it was proposed to use a “run of river” system as most of the 
small hydropower facilities use this system, which does not require complex civil works, nor 
electrical systems, and which have less initial costs (Kenfack et al. 2009). The water from the river 
will pass through the turbine through a water channel. Since some of the data for hydropower in 
the case study area was insufficient, a “back of the envelope” calculation was used to assess the 




the total power generated by a hydropower is determined by the characteristic of the site as shown 
in equation 2 (Twidell and Weir 2006). 
P = 𝑸𝑯𝒈𝝆𝜼       (2) 
Where Q is the flow rate in m3/s, H is the head in metre of 1.5 metres, g is the gravitational force 
of 9.8 m2/s and ρ is the specific mass of water (1000 kg/m3), η is the efficiency of micro hydro 
unit. The turbine was designed and built by an expert from the Indonesian Institute of Science 
(LIPI) with the designed flow rate 500 L/s  (0, 5 m3/s ) with efficiency of 0.75. With all the 
information, the power generated by the hydropower is around 5.52 kW. Based on the information 
emailed from LIPI expert to the author on September 16, 2014, the initial cost of the hydro system 
was $32,454, which includes all costs for electrical, mechanical, civil works and installation. Based 
on the calculation, the system has NPV around $19,648 after the 20-year lifetime with simple 
payback period around 4.9 years (detailed calculations can be seen in the Appendix C). This result 
demonstrates that the micro hydro can be feasible as the technology for electricity generation in 
the boarding school.  
4.3.5 Opportunities and Challenges 
The RETScreen analysis provided information about the possibility of RE resources for electricity 
generation in the boarding school. Reduction of electricity consumption, increasing power capacity 
and utilisation of more efficient technology will all make the implementation of RE technology 
more beneficial. The challenge comes from the limitation of funds/capital to cover the cost of the 
system, and how to compromise between the budget and the objective of the project. The existence 






Chapter 5 Renewable Energy System Design 
5.1. Introduction 
In this chapter, the description about the proposed RE system was analysed using HOMER 
software developed by NREL of the United States. The software has the ability to simplify the 
design, optimisation and sensitivity analysis of RE projects. HOMER works based on the input of 
the project, including the technical options, financial/cost components and the resources. Given 
the load for the proposed project, HOMER analyses the feasibility of the system that is being 
proposed. With all these inputs, HOMER simulates all possible system configurations and 
combinations, determines whether the combinations/configurations are feasible, and ranks it based 
on the cost of the system over the project’s lifetime. The system configuration with the lowest net 
present cost will be the most feasible for the project (NREL 2011).  
5.2. System Design/Modelling.  
There are three main components of HOMER software: simulation, optimisation and sensitivity 
analysis. The HOMER simulation is initiated with the input of the project data that covers the load, 
resources and components. For this dissertation, different types of RE resources were considered, 
including wind turbines, solar PV and micro hydro. The PV and wind turbine still being included 
in this simulation as it will confirm the result of previous chapter. The simulation still considered 
the grid as the main/back up of electricity supply for the boarding school.  
5.2.1 Primary Load Input 
The load input for HOMER is described in section 4.2.2.2. As the load of the boarding school does 
not change significantly, the load variability/noise was assumed to be 5%. Given the load of the 




15.1 kW and 0.507 load factor. As the daily load based on the electricity bills is higher than 
measured, it is then being scaled in to 222 kWh/day with the peak load of 18.3 kW. Figure 21 








          Figure 21 Primary Load Input of HOMER 
5.2.2 Components Input 
5.2.2.1 Photovoltaic Input 
For solar resources, the detailed input can be seen in Figure 22. The cost of the solar PV system is 
around $8,233/kW, which includes all costs for the balance of system, transportation and 
installation. This information was obtained through email to the author from RoyalPV, a PV 
system distributor Indonesia. The O/M cost for the system was $10/year as no significant 
maintenance is required. The PV system has a project lifetime of about 20 years with an estimated 
de-rating factor of 90% to accommodate the effects of dust, temperatures and manufacture 
production. The PV system is fixed and tilted with no tracking system and is mounted at slope 7o 













  Figure 22 PV Input of HOMER 
5.2.2.2 Wind Turbine Input 
For the wind turbine, a 20 kW generic wind turbine was proposed. The information about the 
system cost used the same information as was used in the RETScreen analysis. The hub height for 
the turbine was 18 metres with a lifetime of 20 years. Detailed wind turbine input can be seen in 





















 Figure 23 Wind turbine input of HOMER 
5.2.2.3 Micro Hydro Input 
For hydropower, it was decided to use a propeller turbine, as it is suitable with the low head 
hydropower (Fraenkel et al. 1991). There were two different cost breakdowns obtained by the 
author. Firstly, the cost was obtained from CV. Cihanjuang Teknik, a hydro turbine distributor in 
Indonesia. The distributor offered a hydro turbine with the cost around $87,760 for the system with 
a 10 kW propeller turbine. It has been decided to use the second cost breakdown which was 
obtained from LIPI. It offers a 5 kW propeller turbine, designed and built by LIPI based on the 
real data of the site in the case study as described in hydropower section in chapter 4. The capital 
and replacement cost are around $32,454 and $29,028 respectively with O/M cost around $100.  
5.2.2.4 Grid Input 
The boarding school is already connected to the grid to obtain its current electricity supply. The 




the HOMER analysis, the grid was modelled as the backup for RE technology or as the main 
supply. For this case, the electricity rate used for the analysis was $0,135/kWh (PLN 2014) as 
shown in Figure 24. This value is the current electricity rate. Since the rate increases each year, it 









       Figure 24 Grid Input of HOMER 
5.2.2.5 Converter Inputs 
A converter was proposed in order to allow the system to work in parallel with the grid. It was 
considered to utilise a bi-directional converter, which allows the inverter to operate both as inverter 
and as charger/rectifier. It was assumed the converter efficiency to be 95% and 85% for inverter 
and rectifier respectively. Based on the information from SOLARPOWER, an inverter distributor 
in Indonesia, the initial and replacement cost for converter is $575/2kW (SolarPowerIndo 2014), 
so than the size being considered in this dissertation was the multiples of 2 kW. The converter can 




5.2.3 Resources Input 
The resource input for wind turbine and solar PV is the same as shown in Table 7 in chapter 3. For 
wind turbine, as the hub height of the turbine is at 18 metres, so then the wind speed at this height 
was used. The wind speed for different height was calculated in HOMER or can be obtained using 
the correlation between wind shear, wind speed and height. For micro hydro resources, the data 
for the HOMER analysis was calculated based on the main river flow rate. The data was obtained 
for one day measurement in three different months, although it cannot represent the flow rate for 
the whole year. To get the flow rate for one year, the flow rate of the stream in the case study was 
estimated based on the flow rate in the main river, the Citarum River, and the rainfall near the 
measurement sites. The data was obtained from the Dinas Pengelolaan Sumber Daya Air Jawa 
Barat/Department of Water Resources Management of West Java through email to the author on 
May 14, 2014. By comparing the measurements in the case study stream and the main river, the 
ratio was used for estimating the case study flow rate for the whole year. As there were three 
different months with different ratios, the 0.04 was used instead of 0.06 as it over estimated the 
flow rate for the rest of the year. By applying this ratio, the flow rate in the case study’s river was 












     
   Figure 25 Micro hydro resources input 
5.2.4 Optimisation and Sensitivity Input  
HOMER requires much more information besides the information that has been described 
previously. For economic inputs, it was proposed that the lifetime of the project is 20 years with 
7.5% of annual interest rate (BI 2014). For system control inputs, both dispatch strategies were 
considered (load following and cycle charging) as the option for HOMER in order to determine 
the best strategy. The sensitivity analysis was done in a separate HOMER file. In the sensitivity 
analysis, the grid purchase rate was assumed to be $0.135/kWh and $0.175/kWh. The electricity 
rate has increased 30% in 2014 so then it was assumed that the rate also increases in the following 
years so then the rate will be $0.175/kWh. In term of system constraints, it was proposed that the 
maximum annual capacity shortage of 5 % and minimum RE fraction is 20%. Table 20 shows the 
optimisation and sensitivity input of the HOMER. The electricity from the grid and micro hydro 
will supply electricity to the load and the other RE resources will supply the load through and the 




        Table 20 Optimisation and sensitivity input of HOMER 
Optimization Variables Sensitivity Variables 
PV Array G20 Grid Converter Electricity Rate 
(kW) (pcs) (kW) (kW) ($/kWh) 
0 0 14 0 0.135 
15 1 16 2 0.175 
30 2  4  
45   6  
60     









   
 
                      Figure 26 Hybrid system design for the case study 
5.2.5 Result and Discussion 
Figure 7 shows the HOMER simulation result. There are 288 simulations with one sensitivity 
analysis input. The option was considered the wind speed at hub height of 18 metres. The best 
option in this analysis was based on the system with the lowest net present cost (NPC). This was 
shown to be the combination of a 5.52 kW hydro turbine and 16 kW grid purchase. In the winning 
configuration, there is no option for a wind turbine, solar PV, battery and converter. This means 




of battery and converter means that the AC electricity from RE was directly supplying the load. 
There is no storage mechanism as the grid always back up any electricity shortage of RE.  
 
Figure 27 HOMER Simulation Result 
5.2.5.1 Electricity Output Analysis  
The electricity production in the best option of HOMER simulation result is shown in Figure 29 
and Table 21. It can be seen that the total electricity produced by the winning system was 81.2 
MWh/year. Micro hydro has the largest share of electricity for the case study, which produces 
around 55.79 MWh/year or 69% of total electricity produced by the system. Electricity from the 
grid contributes about 25.4 MWh/year, equivalent to 31% of total electricity production. There 
was 0.26% of excess electricity from this option and the RE fraction is about 69%.  
         Table 21 Electricity output of the best option 
Electricity produced kWh/year % 
Hydro 55,796 69% 
Grid 25,443 20% 
Total 81,239  100% 
Electricity consumed     
Primary Load 81,030 100% 
Total 81,030 100%  
Excess Electricity 211 0.26% 
Capacity shortage 0 0 
Unmet Load 0 0 
RE Fraction   69% 
 
Figure 28 shows monthly average electricity production of the proposed system. It can be seen that 
most of the electricity can be met by the RE electricity. During January to August, micro hydro 




September until October, most of the electricity comes from the utility grid as the micro hydro 
only generates small amounts of electricity since the flow rate of the river is lower than the 
previous month. In November and December, the electricity supply to the boarding school comes 





Figure 28 Monthly Average Electricity Production 
5.2.5.2 Economic Analysis  
Figure 29 shows the cost summary for the proposed system. It can be seen that the NPC for this 
system is $65,914, Cost of Electricity (CoE) of $0.083/kWh and O/M cost of $3,408/year. For cost 
sharing, Capital Cost and O/M cost contributes around 49.24% and 50.76% of total system cost 
respectively. In terms of components cost, micro hydro shares cost with 48.83%, while grid 
contributes 51.17%. The cost components of the micro hydro are the capital cost and the 
maintenance cost. There is no replacement cost of the turbine as the lifetime was estimated more 
than the project lifetime, which is around 25 years. Meanwhile, the cost component of the grid was 


















Figure 29 Cash Flow Summary of the proposed System 
Based on the HOMER result, it can be seen that the CoE for the winning system is $0.083/kW, 
less the current electricity rate in Indonesia, which is $0.135/kWh. This demonstrates that the 
hybrid system can be a viable alternative for the boarding school to reduce its electricity costs from 
the grid.  
5.2.5.3 GHG Emission Analysis  
            Table 22 GHG emission of the Winning System 
Pollutant Emission (kg/year) 
Carbon dioxide 19,489 
Carbon monoxide 0 
Unburned 
hydrocarbons 0 
Particulate matter 0 
Sulfur dioxide 69.7 





The winning option of the HOMER results shows that the amount of CO2 emitted by the system 
was 19,489 kg CO2/ year as shown in Table 22. The value of CO2 emissions by this system is less 
than the emissions of the current electricity system (grid only). The average grid emission factor 
in Indonesia was 0.766 kg CO2/kWh in 2013 (PLN 2013b). It was assumed that this value has not 
changed in 2014, so the annual CO2 emission of the current situation of 184 kWh/day or 67.16 
MWh/year is 51,444 kg CO2. This value is 263% of the emission of the winning system. This 
emission reduction demonstrates an absolute advantage of implementing RE electricity generation. 
5.2.5.4 Sensitivity Result Analysis  
The sensitivity analysis was analysed with a separate HOMER simulation. The increasing 
electricity rate will affect the operating cost, the total NPC and the CoE. The 30% increase of the 
electricity rate will increase operating costs by 23%, total NPC by 13.16% and CoE by 12.6%. It 
can be seen that the increasing electricity rate by 30% not significantly affect the CoE.  
5.2.5.5 System Performance and Configuration. 
The best system based on the HOMER results is the combination of micro hydro and the grid in 
parallel operation. The system allows the parallel operation of two electricity resources that are 
micro hydro and grid in order to meet the load demand. There is no option of any battery, inverter 
or other renewables so it is assumed that both electricity resources directly supply the electricity 
to the boarding school. Since micro hydro runs full time over the year with full capacity, it has a 
high capacity factor and produces the largest portion of electricity to the boarding school, rather 
than electricity purchased from the grid. The electrical performance of each component can be 






   Table 23 Technical performance of each component 
Component Output 
Micro hydro  
Mean output 











Figures 30 to 32 show the output of each component for each month during the year. It can be seen 
that the micro hydro runs full time over the year, producing the maximum output during the months 
of January to June. The electricity output then decreases for the rest of the year with the minimum 
output occurring in September. The fluctuation electricity output of micro hydro happened because 
of the variation of flow rate during the course of the year. The high flow rate during the first six 
months of the year occurs as the wet season is coming so the depth of the river increases. In 
contrast, the river depth decreased during the dry season around July to November so the micro 
hydro output was less than in the wet season. The grid shows different trends where the electricity 
purchased from the grid during the first six months was relatively small as the hydro was running 
in maximum output and provided most of the electricity. As the dry season occurs and the 
electricity produced by micro hydro starts to decrease, the electricity purchase from the grid starts 
to increase and it reached the highest value in September before decreasing again until the end of 




























Figure 33 shows the component’s combination of the simulation result on supplying electricity to 
the load in October. In this month, the electricity is mostly supplied through electricity from the 
grid with a smaller proportion of micro hydro. It can be seen that the combination of two sources 
can meet the electricity demand of the boarding school. 
 
            
. 
 





Chapter 6 Conclusion 
The objectives of this dissertation were to identify possible options to improve energy efficiency 
as well as to reduce electricity consumption at Baiturrahman Boarding School, along with an 
analysis of the feasibility of RE technology in order to improve the reliability of electricity supply 
to the school.  
6.1. Energy Efficiency and Conservation Opportunity Recommendation 
The Baiturrahman Boarding School case study analysis shows that the largest electricity 
consumption was due to water pumping followed by the lighting system. There are opportunities 
to improve energy efficiency and reduce the electricity consumption and costs of the boarding 
school. These include: 
1. Improvement of the water pumping system at the boarding school through the replacement of 
the existing 1.8 kW pump with a smaller size, 1.3 kW in conjunction with a reduction in the 
operational time of the pump from 20 hours into 12 hours. This would result in the reduction 
of 7446 kWh electricity/year, or $1,005.21 savings/year with the payback period of 0.51 year. 
2. Reducing the operational hours of the lighting system/lamps by turning them off manually or 
using sensor when they are not needed — especially in the student dormitory. 
3. Regular maintenance of the refrigerators, fridges and display fridges to optimise their 
performance and improve the energy efficiency.  
6.2. RE System Design 
The RE potential for supplying electricity to the boarding school was analysed. The assessment 
included the utilisation of RETScreen to find out the feasibility of the proposed RE technologies 




a “back of the envelope” calculation was done to determine the feasibility of micro hydro since 
there was limited data for RETScreen. The RETScreen findings showed that the implementation 
of 20 kW WT and micro hydro are potential and feasible for the case study. The recommended 
proposed system for electricity generation based on the HOMER simulation indicates that 69% of 
boarding school electricity demand can be supplied by 5.52 kW micro hydro system and the rest 
will be the electricity from the grid. With 69% of RE fraction and 0.26% of excess electricity, the 
proposed system can provide enough electricity to the boarding school. The system also has 
environmental benefits since it only produces around 37% of the current emissions. In financial 
terms, the proposed system has NPC of $65,914 over 20 years of lifetime with the capital cost and 
O/M share 49.24% and 50.76% respectively. Micro hydro contributes 48.83% of total cost, while 
grid cost share is 51.17%. The simulation also demonstrated that the Cost of Electricity is 
$0.083/kWh, which is almost half the current electricity rate. The proposed system therefore has 
significant benefits for electricity, financial and environmental aspects.  
In conclusion, the implementation of energy efficiency and energy conservation activities through 
the energy audit, utilisation of more efficient technology and government grants would make the 
project’s objectives achievable and successful.  
6.3. Limitation and Future Work 
The energy consumption especially the electricity consumption in the boarding school has been 
discussed.  However, the limitation of this research is that the gas consumption was excluded from 
the analysis. There is still possibility for the future work to analyse the gas consumption of the 
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A = 1/2 (D1W1) + 1/2 (W2-W1) (D1+D2)+ 1/2 (W3-W2) (D2+D3)+1/2 (W4-W3) (D3+D4)+1/2 
(W5-W4) (D4+D5)+1/2 (W6-W5) (D5+D6)+1/2 (W7-W6) (D6+D7)+1/2 (W8-W7) 
(D7+D8)+1/2 (W9-W8) (D8+D9)+1/2 (W10-W9) (D9+D10)+1/2 (W11-W10) 
(D10+D11)+1/2 (W12-W11) (D11) 
 
Attempt D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 
1 8 14 16 20 24 28 28 28 24 20 28 
2 12 19 20 25 27 30 37 33 28 34 30 
3 10 19 20 29 30 32 33 33 29 33 29 
4 9 15 18 26 27 30 33 30 30 30 29 
5 8 16 20 27 26 33 33 32 30 30 32 
6 8 15 18 24 23 32 33 32 31 30 29 
Note: The river depth in cm 
  
D1 D2 D3 D4 D5
  

















Appendix B - Financial Analysis of Water Pump Replacement 
 
Life Time = 20 years 
Interest rate = 8% 
 
Year PWF Initial Cost O/M Total Cost Savings PV cost PV savings NPV 
0 1 700  700  700  -700 
1 0.925926  768 768 1359.99 711.1111 1259.25 548.1389 
2 0.857339  768 768 1359.99 658.4362 1165.9722 507.536 
3 0.793832  768 768 1359.99 609.6632 1079.6039 469.9407 
4 0.73503  768 768 1359.99 564.5029 999.63325 435.1303 
5 0.680583  768 768 1359.99 522.6879 925.58634 402.8984 
6 0.63017  768 768 1359.99 483.9703 857.02439 373.0541 
7 0.58349  768 768 1359.99 448.1206 793.5411 345.4205 
8 0.540269  768 768 1359.99 414.9265 734.76028 319.8338 
9 0.500249  768 768 1359.99 384.1912 680.33359 296.1424 
10 0.463193  768 768 1359.99 355.7326 629.93851 274.2059 
11 0.428883  768 768 1359.99 329.382 583.2764 253.8944 
12 0.397114  768 768 1359.99 304.9834 540.07074 235.0874 
13 0.367698  768 768 1359.99 282.392 500.0655 217.6735 
14 0.340461  768 768 1359.99 261.4741 463.02361 201.5495 
15 0.315242  768 768 1359.99 242.1056 428.72557 186.6199 
16 0.29189  768 768 1359.99 224.1719 396.96812 172.7962 
17 0.270269  768 768 1359.99 207.5666 367.56307 159.9965 
18 0.250249  768 768 1359.99 192.1913 340.33618 148.1449 
19 0.231712  768 768 1359.99 177.9549 315.12609 137.1712 
20 0.214548  768 768 1359.99 164.773 291.78342 127.0104 
  
   
NPV  $5112.2451  




Appendix C - NPV Calculation for Micro Hydro 
Life Time = 20 years 
Interest rate = 8% 







(units) pwf PVTOTAL 
0 -32000 0 0 -32000 1 -32000 
1  -340 6519 -25820.918 0.92592593 -23908.257 
2  -340 6519 -19641.835 0.85733882 -16839.708 
3  -340 6519 -13462.753 0.79383224 -10687.167 
4  -340 6519 -7283.67 0.73502985 -5353.7149 
5   -340 6519 -1104.5875 0.6805832 -751.76369 
6   -340 6519 5074.495 0.63016963 3197.79262 
7  -340 6519 11253.578 0.5834904 6566.35438 
8  -340 6519 17432.66 0.54026888 9418.32377 
9  -340 6519 23611.743 0.50024897 11811.7498 
10  -340 6519 29790.825 0.46319349 13798.9161 
11  -340 6519 35969.908 0.42888286 15426.8768 
12  -340 6519 42148.99 0.39711376 16737.9438 
13  -340 6519 48328.073 0.36769792 17770.132 
14  -340 6519 54507.155 0.34046104 18557.5628 
15  -340 6519 60686.238 0.3152417 19130.833 
16  -340 6519 66865.32 0.29189047 19517.3495 
17  -340 6519 73044.403 0.27026895 19741.6341 
18  -340 6519 79223.485 0.25024903 19825.6002 
19  -340 6519 85402.568 0.23171206 19788.8052 
20  -340 6519 91581.65 0.21454821 19648.6788 
 
Q = 0.5 m3/s 
n = 0.75   
ρ = 1000 kg/m3 
h = 1.5 m 
g = 9.8   
P = 5512.5  W 
Power 5.5125 kW 
Operation 24 hrs 
Daily electricity consumption 132.3 kWh 
Operation in a year 365 days 
Annual electricity consumption 48289.5 kWh  











Note: 0.06 is overestimate, so then 0.04 was chosen as the correlation factor of the river and 




The main river is Citarum - Dayah Kolot    
Measurement Case Study River (m3/s) Main Rivers(m3/s) Ratio 
Mar-20 3.32 51.3 0.064717 
May-17 2.2 55.9 0.039356 
Jul-04 0.62 18 0.03444 
    
    
                    Average monthly flow rate (m3/s)   
Month Case Study River  Main River    
January 2.2 55.45   
February 2.8 69.44   
March 1.8 44.55   
April 1.8 44.32   
May 1.0 25.98   
June 1.4 34.04   
July 0.7 16.91   
August 0.5 12.14   
September 0.3 7.81   
October 0.4 9.67   
November 0.6 14.53   
December 0.7 18.05   
    
